recovery time and ease of office-based endoscopic follow-up. 29 Because of the limited number of case series in the literature, there is limited evidence of recurrence rates following treatment. The purpose of this study was to systematically review the outcomes of endoscopic treatment of cholesterol granulomas of the petrous apex.
Methods
A PubMed search was performed using the term "cholesterol granuloma," which returned 722 results ( Fig. 1 -PRISMA flow diagram 25 ). Resulting titles and abstracts were screened for relevant articles, resulting in 102 articles. Articles were included if they presented surgical outcomes related to endoscopic treatment of petrous apex cholesterol granulomas. Technical notes not presenting surgical outcome and radiographic studies were excluded. Cholesterol granulomas not primarily involving the petrous apex were excluded. Additional exclusion criteria included non-English-language articles; studies prior to 1980; and animal, cadaveric, and in vitro studies. There were no restrictions on publication status. Full text was assessed for eligibility criteria in the resulting 102 articles. For clinical studies using duplicate data, only the study with the most recent results were included. References of full-text articles were searched for any additional references not identified in the original search. The search period ended April 1, 2014 .
Assessment of full-text articles resulted in 22 articles that met eligibility criteria and were included in the final systematic review. Data extraction from the 22 articles was independently conducted by 2 reviewers (D.F.E. and V.R.K.), and results were consistent. Strength of evidence of the included articles were assessed and assigned a score using the Oxford Centre for Evidence Based Medicine (OCEBM) Level of Evidence 2 classification system.
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Because none of the included studies were case-control or cohort studies, we could not apply the Newcastle-Ottawa Scale for nonrandomized studies. 40 The association of use of a stent and recurrence of the cholesterol granuloma was evaluated using a 2-sided Fisher's exact test. A p value < 0.05 was considered significant.
Results
The systematic review resulted in a total of 53 cases of endoscopic endonasal surgery for the treatment of petrous apex cholesterol granulomas (Table 1) . There were 9 case series 8, 10, 13, 17, 19, 29, 31, 33, 38 and 13 case reports. 2, 6, 7, 12, 21, 23, 24, 28, 30, 32, 34, 36, 39 Since the first reported case in 1994, publications on the endoscopic endonasal approach to cholesterol granulomas of the petrous apex have in- * bilat = bilateral; CN = cranial nerve; EETC = endoscopic endonasal transclival; EETP = endoscopic endonasal transpharyngeal; EETS = endoscopic endonasal transsphenoidal; embo = embolization; GA = general anesthesia; ICA = internal carotid artery; pts = patients; Sx = symptom; -= not specified. † Type of stents used in the 5 cases are as follows: 1 Doyle splint, 1 Berkowitz drain, 2 T-shaped, 1 silicone tube.
creased ( Fig. 2 ). All included studies were case series or reports, and as such, all were Level 4 or 5 evidence based on the OCEBM classification system. Of the patients in these cases, 27 were male and 26 were female, with an age range of 13-78 years (mean 41 years, median 38 years). The follow-up duration ranged from 3 to 120 months (mean 20 months, median 11 months). The petrous apex was most commonly approached via an endoscopic endonasal transsphenoidal transclival approach in 33 (62.3%) of 53 cases, which includes cases in which the lesion eroded through the clivus into the sphenoid sinus. Endoscopic endonasal transclival with lateralization of the internal carotid artery (ICA) and a combined transclival/infrapetrous approach were used in 6 (11.3%) and 13 (24.5%) of the remaining cases, respectively, with the least common approach being the endoscopic endonasal transpharyngeal approach. Of the 51 cases in which it was stated that stenting was performed, stents were placed in 23 (45.1%) and varied greatly across institutions and specific patient characteristics. Included in this group were 4 cases in which a vascularized nasoseptal mini-flap was used as a stent (n = 3) or in addition to a stent (n = 1) to prevent contraction of the fibrous cyst walls. 29 Clinical outcome, with regard to symptomatology, was reported in 45 cases. The majority of patients postoperatively reported symptom resolution (84.4%) or improvement (13.3%). Of the 45 cases in which the degree of patency of the outflow track on follow-up endoscopic examination was noted, restenosis was observed in 9 cases (20.0%). However, only 4 of these restenosis cases were associated with symptomatic cyst recurrence that required redrainage, resulting in an overall recurrence rate of 7.5%. When stratifying by stent use, there was a 10.7% recurrence rate without the use of stents and 4.3% when they were used, which was not a statistically significant difference (p = 0.6).
There were 7 patients (13.2%) with reported complications. These included epistaxis (n = 3), chronic otitis media requiring tympanostomy (n = 1), chronic sphenoid sinusitis (n = 1), and transient sixth nerve palsy (n = 1). For 1 case serious complications were reported, with significant hemorrhage from the clival venous plexus requiring transfusion, a CSF leak, and tension pneumocephalus anterior to the frontal lobes, resulting in severe headache, nystagmus, diplopia, and unilateral leg weakness. 30 This patient was treated conservatively with 100% oxygen and bed rest in the supine position until the pneumocephalus and associated symptoms gradually resolved.
Discussion
Fucci et al. first reported the use of the endoscopic endonasal approach to treat a cholesterol granuloma of the petrous apex in 1994. 12 Since then, endoscopic management has become increasingly used to treat these lesions. Because these lesions are relatively uncommon, evidence of outcomes after treatment with endoscopic approaches has been limited. The largest case series to date was of 17 patients reported by Paluzzi et al. 29 In this study, we reviewed the collective evidence from 53 cases of endoscopic endonasal management of petrous apex cholesterol granulomas. The outcomes tallied from the 13 case reports were similar to those in the 9 case series identified; therefore, we included the case reports and felt they did not unfairly bias the results. Meaningful statistical evaluation for publication bias (e.g., funnel plot) was not feasible because of the limited number of series and small sample size per series. However, the possibility of publication bias, in regard to success rates and complications, remains a significant limitation of this study.
Irrespective of the approach used to drain the cholesterol granuloma, the commonly accepted definition of successful treatment is the absence of continuous growth in combination with an improvement in symptoms. In this study, we found that nearly all patients had at least some degree of symptom improvement and were thus successfully treated by an endoscopic approach. Reported success rates with open surgical approaches have been similar, with the largest published series reporting an 82% improvement of symptoms, 3 but most smaller series reporting 90%-100% improvement. 4, 5, 9, 26 Because of the concern for recurrences, the use of stents has been proposed, although their true benefit has not been well established in the literature. Stenting remains at the discretion of the surgeon and can be based on multiple factors, including the size of the cyst opening, loss of mucosa, and proximity to the ICA. 33 In this study, we found that approximately 45% of patients had stents placed. Those patients largely did well, with only 1 (4.3%) of 23 developing a symptomatic cyst recurrence, compared with 10.7% in the nonstented group. While this may reflect a trend toward superiority of stent use in preventing recurrence, this difference was not statistically significant. In addition, there is likely significant selection and institutional bias in determining which patients received stents. One might imagine that cysts that have a narrow corridor into the cyst might be more likely to have a stent placed, whereas cysts with significant extension into the sphenoid sinus may not require a stent after wide marsupialization of the cyst. However, one might expect the cholesterol granulomas with a narrow opening to have a higher recurrence rate regardless of stent placement, which would underestimate the true benefit of stenting. As additional cases of cholesterol granuloma of the petrous apex are performed endoscopically, the true role of stenting will be more clearly determined. One interesting alternative to stenting is the use of a vascularized pedicle nasoseptal mucoperiostum "mini-flap," reported by Paluzzi et al. 29 This not only serves the purpose of creating a mechanical barrier but may also promote the formation of mucosal lining along the cyst walls.
It is interesting to note the absence of a definitive association between restenosis of the drainage pathway and symptomatic cyst recurrence. While 20% of cases for which data were available noted restenosis on endoscopic follow-up examination, less than half of these were symptomatic cyst recurrences that required repeat operation. This suggests that a conservative approach is warranted when restenosis is observed on follow-up examination, with reoperation reserved only for cases in which significant symptoms recur.
When comparing overall recurrence rates and complications in the endoscopic cases to those found in previously published series of open approaches to cholesterol granulomas of the petrous apex ( 3-5,9,14,26 Symptom improvement occurred in 71 patients (90%). Nine studies (totaling 120 patients) reported the rate of cyst recurrence, which occurred in 15 patients (or 12.5% overall). The overall recurrence rate for endoscopic approaches found in this study was 7.5%, which compares favorably with reported rates. Importantly, previous studies of open approaches report higher complication rates. Nine studies (115 patients) reported complication rates between 0% and 60%, with a mean of 24.3%. [3] [4] [5] 9, 14, 16, 22, 26, 35 In the present study, we found a lower rate of complications (13.2%) with the endoscopic approaches. Additionally, the difference in the severity of reported complications is important to note. In open approaches, the reported complications have largely been hearing loss and CSF leak, whereas the most common complication in endoscopic cases was epistaxis, although 1 case did report CSF leak as well. While endoscopic endonasal approaches have demonstrated good safety and efficacy, not all petrous apex granulomas are surgically amenable to endonasal approaches. Preoperative imaging must be carefully studied to determine the approximate surgical corridor between the medial wall of the cyst and the lateral wall of the paraclival ICA. Lesions that are completely hidden behind the ICA may be more amenable to an open approach.
Conclusions
Based on current literature, endoscopic endonasal approaches provide a safe and effective approach to treatment of cholesterol granulomas of the petrous apex, with very high rates of symptom improvement or resolution. Complication rates are lower than those reported for prior case series utilizing open approaches. Restenosis on follow-up endoscopic examination occurs in about 20% of cases, but fewer than half of these cases are associated with symptomatic cyst recurrence. Therefore, asymptomatic stenosis of the drainage track can be managed conservatively. This study revealed a nonsignificant trend toward a decrease in symptomatic cyst recurrence when a stent was used, but further work is needed to clarify its impact.
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